Large-amplitude (geometrically nonlinear) vibrations of circular cylindrical panels, subjected to radial harmonic excitation in the spectral neighborhood of the lowest resonances, are investigated. Vibration response to harmonic excitation in the neighborhood of the natural frequencies of two different thin circular cylindrical panels of graphite-epoxy composite material (a plain-weave fabrics panel and a three-layer panel with 90°-0°-90° orientation) has been measured for different force levels. The experimental boundary conditions approximate (i) on the curved edges: zero radial and circumferential displacements; all rotations were allowed; (ii) on the straight edges: zero radial displacements; all rotations and circumferential displacements were allowed. The different levels of excitation made it possible to reconstruct the relatively strong, softening type nonlinearity of the panels.
INTRODUCTION
Amabili and Pa'fdoussis /1/ recently compiled an extensive review of work on geometrically nonlinear (large-amplitude) vibrations of shells and curved panels. It was found that not many experimental investigations on large-amplitude vibrations of circular cylindrical shells are available. In particular, it seems that experiments on nonlinear vibrations of circular cylindrical panels were reported only in the work of Nagai et al. 121 , but the trend of nonlinearity, which is obtained by performing tests with different levels of the excitation force, was not given. For this reason, Amabili et al. 13 / performed experiments on a stainless steel circular cylindrical panel and found a relatively strong nonlinearity of softening type. Also other experiments on nonlinear dynamics of curved panels are very scarce. Palazotto et al. /4/ tested composite circular cylindrical panels subjected to impact. The experimental response of panels as function of the frequency of harmonic excitation and vibration amplitude is fundamental for the validation of nonlinear shell theories and for solution algorithms, as shown by the results that have been already published by the authors in references /3-9/. In particular, in the present study experiments on large-amplitude vibrations of composite curved panels with rectangular boundaries were performed. The experimental boundary conditions approximate (i) on the curved edges: zero radial and circumferential displacements; all rotations were allowed; (ii) on the straight edges: zero radial displacements; all rotations and circumferential displacement were allowed.
Many theoretical and numerical studies are available on geometrically nonlinear vibration of circular

EXPERIMENTAL SET-UP
Tests have been conducted on two circular cylindrical panels made of graphite/epoxy composite material: Scadas II front-end connected to a HP c3000 workstation and the software CADA-X of LMS for signal processing and data analysis; the same front-end has been used to generate the excitation signal. The CADA-X closed-loop control has been used to keep constant the value of the excitation force for any excitation frequency, during the measurement of the nonlinear response.
NATURAL FREQUENCIES AND MODES
The 
Composite plain-weave fabrics panel
The measured FRF in correspondence of the excitation (driven point) is shown in Figure 2 for the composite fabrics panel with identification of natural modes. The measured natural frequencies are presented in Table 1 and they are compared to the results of the numerical calculations ( Table 2 ) that have been obtained by the FEM code ADINA 7.5 (using shell elements with 8 nodes). The indexes η and m represent the number of circumferential and axial half-waves for each mode shape, respectively. Table 1  Table 2 Natural frequencies and damping ratios of the plain- Theoretical and experimental results are in good agreement for both natural frequencies and mode shapes.
This assures that the experimental boundary conditions approximate the constraints used in the FEM model, which are those summarized in Table 3 .
Table 3
Boundary conditions for the two panels. 
Axial
Three-layer (90 o -0°-90°) composite panel
The measured FRF in correspondence of the excitation (driven point) is shown in Figure 3 for the threelayer (90°-0°-90°) composite panel with identification of natural modes. Higher natural frequencies than in the fabrics panel are observed.
The measured natural frequencies are presented and compared in Tables 4 and 5 to numerical calculations with the FEM code ADINA 7.5. Table 4  Table 5 Natural frequencies and damping ratios of the threeNatural frequencies of the three-layer (90°-0°-90°) Figure 4 gives the measured displacements in the spectral neighborhood of the fundamental frequency (n = 3, m = 1; natural frequency 271.9 Hz) versus the excitation frequency for four different force levels. Figure 8 gives the measured displacements in the spectral neighborhood of the second natural frequency at 627.98 Hz (n = 3, m = 1) versus the excitation frequency for different force levels. As a consequence that this panel is thicker than the previous one and that the natural frequency is higher, smaller nondimensional amplitudes have been reached in this case. Remarkable softening type nonlinearity has been identified.
NONLINEAR RESULTS
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CONCLUSIONS
Experiments show that the two tested composite curved panels present a relatively strong geometric nonlinearity of softening type. A theoretical model for the boundary conditions used in the experiments is under development in order to provide comparison of theoretical and experimental results.
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